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IITflODUOTI  ON 

in  presenting  this  thesis  the  object  of  the  writers 
has  been  to  show  the  relation  existing  between  the  power  con- 
sumption and  speed  and  schedule  for  a 30  ton  interurban  car. 

In  showing  the  above  relation  two  cases  were  con- 
sidered. first;  the  tests  that  were  run  with  the  University  of 
Illinois  Electrical  Test  oar  during  the  years  1907  and  1908. 
Secondj  the  case  of  a series  of  tests  on  an  assumed  ideal 
road  under  ideal  conditions. 

The  data  and  curves  are  so  arranged  as  to  show  the 
different  ways  the  po?jer  was  used  and  what  quantity  was  used 
for  the  different  speeds  and  schedules. 


RELATION  OP  POWER  CONSUMPTION  TO  SPEED  AND  SCHEDULE 
POR  A 30  TON  ELECTRIC  INTERURBAN  CAR. 

DESCRIPTION  OP  CAR 

The  test  car  is  of  the  regular  interurban  type.  The 
car  body  was  built  by  the  Jewett  car  Company?  and  the  principal 
dimensions  are  as  follows;  length  over  all  45  ft;  width  over 
all  8 ft.  4 in;  height  from  underside  sill  to  top  of  roof?  9 ft. 

G in;  distance  between  truck  eenters?  22  ft?  4 in;  The  weight 
of  the  car  is  53150  lbs. 

The  car  is  divided  into  two  compartments?  one  22  ft. 

6 in.  long  and  the  other  11  ft.  10  in.  The  larger  compartment 
is  furnished  with  filing  cases  and  chairs  in  lieu  of  the  usual 
seats.  The  smaller  compartment,,  contains  an  instrument  table 
and  some  of  the  electric  control  apparatus  which  in  usual  prac- 
tice is  placed  under  the  car. 

The  trucks  are  of  the  C-60  type  of  the  Standard  Steel 
Car  Company?  with  the  exception  that  the  wheels  on  one  truck 
are  rolled  steel  and  were  supplied  by  the  Sta.nda.rd  Steel 
Company.  The  wheel  base  is  6 ft.  4 in.  and.  the  wheels  are  33  in. 
in  diameter  and  have  the  M.  C.  B.  tread  and  flange. 

The  brake  system  is  the  straight  air  system  and  the 
compressor?  compressor  governor ? brake  cylinder  and  storage 
tank  were  supplied  by  the  National  Electric  Company.  Hand 
brakes  have  been  installed  for  use  in  case  of  emergency. 
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There  are  also  in  use  one  Simplex  headlight  and  two 
De France  automatic  air  senders. 

MOTOR  EQUIPMENT; 

The  motive  power  equipment  with  which  the  electric 
test  car  is  equipped  consists  of  four  Westinghouse  # 101  D 
motors  which  have  a rating  as  given  below. 

The  nominal  rating  is  86  amperes?  50  HP  at  500  V. 

The  continuous  capacity  is-  46  amperes  at  300  V,  or  4 2 amperes  at 
400  v. 

The  speed  at  30  amperes  is  1290  R.P.M.  which  with  a 
gear  ratio  of  22:62  and  33  in.  wheels  on  the  axle  gives 
a speed  of  45  miles  per  hour. 

At  a temperature  of  75  degrees  C.  the  resistance  of 
the  field  coils  is  .200  ohm  and  the  armature  .186  ohm?  giving 
a total  resistance  on  the  motor  winding  of  .386  ohm. 

The  approximate  weight  of  the  motor  complete?  with 
gears  and  gear  case?  is  2825  pounds.  The  approximate  weight 
without  gears  and  gear  case  is  2380  pounds.  The  approximate 
weight  of  the  armature  is  585  pounds. 

The  frame  is  made  of  cast  steel  in  two  parts  divided 
horizontally.  These  parts  are  hinged  together  on  the  side  oppo- 
site the  axle  and  are  held  by  four  lx  inch  bolts  with  loch 
washers. 

To  give  access  to  the  brushes  and  brush  holders  there 
is  an  opening  7 in.  by  21  in.  in  the  upper  casting  over  the 


commutator.  The  cover  for  this  opening  is  held  in  place  by  a 
cam  locking  device. 

There  are  four  pole  pieces  built  up  of  soft  iron 
punchings?  riveted  together  between  wrought  iron  plates.  The 
poles  are  placed  on  angles  of  45  degrees  with  the  horizontal. 

The  total  air  gap  is  3/8  inches.  The  gap  between  arm- 
ature and  pole  face  is  z/l 6 inches. 

There  are  four  interchangeable  field  coils  wound 
with  flat  co  per  strap.  The  turns  are  separated  by  asbestos 
ribbon  which  is  specially  treated  to  make  it  waterproof.  The 
coils  are  thoroughly  insulated  by  repeated  tarings  followed  by 
dipping  in  insulating  compounds  and  varnishes ? producing  a 
sealed  coil  which  is  practically  waterproof. 

The  armature  core  is  built  up  of  soft  steel  punchings 
assembled  on  a cast  iron  spider  and  held  in  place  between  cast 
iron  end  plates  and  keyed  to  prevent  the  punchings  from  turning- 
on  the  spider.  The  end  plate  on  the  pinion  is  provided 
with  a bell  shaped  flange  which  forms  a coil  support  and  shield 
for  the  rear  end  of  the  armature  coils.  Large  openings  are 
provided  between  the  spider  and  the  laminations  and  in  the 
armature  core  for  thorough  ventilation. 

There  are  45  slots  in  the  armature  core.  In  each 
slot  there  are  three  coils  side  by  side?  each  coil  consisting 
of  two  turns  of  two  #11  B.  5c  s.  gauge ? double  cotton  covered 


wires  in  parallel. 
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The  coils  are  held  in  place  by  fiber  wedges  forced  in  between 
V-shaped  grooves  near  the  tcrp  of  each  slot.  There  are  also  bands 
sunk  in  grooves  in  the  armature  core?  and  also  bands  on  parts 
of  the  coil  outside  of  the  core. 

The  commutator  has  135  bars?  is  10|  inches  in  diameter 
and  3 15/16  inches  long.  The  bars  are  clamped  between  two 
V-shaped  steel  rings.  The  insulation  between  the  bars  and 
retaining  V's  is  made  up  of  continuous  molded  mica  rings 
l/l6  in.  thick.  The  complete  commutator  is  pressed  on  the 
spider  which  holds  the  punchings. 

Each  holder  is  arranged  to  take  two  \ in.  by  1 3/4  in. 
carbons.  These  are  secured  to  brackets  extending  inward  from  the 
sides  of  the  upper  portion  of  the  frame.  The  arms  are  arranged 
for  radial  adjustment  to  allow  for  wear  of  the  commutator.  The 
proper  brush  tension  is  provided  for  by  means  of  a flat  spring? 
wound  like  a clock  spring.  It  has  sufficient  number  of  turns 
and  is  mounted  as  to  eliminate  friction  between  turns 
and  give  a very  uniform  pressure  over  its  working  range.  It  is 
easily  adjustable  for  different  pressures. 

The  armature  bearings  consist  of  cast  iron  bushings 
lined  with  3/I6  in.  of  babbitt  metal.  The  bearing  at  the 
commutator  end  is  3x  in.  in  diameter  by  6 3/4  in-  long.  At  the 
pinion  and  it  is  3^  in.  in  diameter  by  8-g*  in.  long.  The  axle 
bearings  are  8 in.  long  and  the  maximum  diameter  allowed  is  5 in. 
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Both  the  armature  and  the  axle  hearings  are  arranged 
for  oil  waste  lubrication*  In  each  housing  and  a^le  cap  a large 
-oocket  is  provided  for  the  waste  and  a separate  pockeo  ior  feed- 
ing the  oil. 

THE  CONTROL; 

The  control  system  is  what  is  hnown  as  the  westinghou.se 
unit  switch  system  of  Multiple  unit  control* 

It  is  divided  into  two  parts? the  first  or  motor 
control  system  consisting  of  a group  of  unit  switches?  circuit 
breaker ? reverser  and  a set  of  starting  resistances  by  means 
of  which  the  various  motors  and  starting  resistance  combinations 

are  effected. 

The  second  part  or  auxiliary  control  system  comprises 
a set  of  train  wires?  a storage  battery,  electrically  operated 
valves  operating  the  unit  switch?  master  controllers  ? line 
relay?  limit  switch  and  motor  control  cut  out. 

The  scheme  of  operating  is  as  follows; 

The  master  controller  handle  is  normally  in  the 
vertical  position  and  there  are  six  operating  positions?  three 
being  for  forward  motion  of  the  car  and  three  for  the  reverse. 

The  first  notch  to  the  right  from  the  vertical 
position  is  what  is  known  as  switching  position.  In  this  posi- 
tion the  motor  circuit  is  closed  but  the  starting  resistance 
is  left  in  the  circuit  causing  the  car  to  draw  very  little 
current  and  consequently  to  move  very  slowly. 
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The  second  notch  is  what  is  known  as  the  series 
position.  This  notch  introduces  the  limit  switch  which  permits 
the  picking  up  of  the  different  unit  switches  as  the  current 
in  the  motors  falls  below  a predetermined  value. 

The  limit  of  operation  of  the  switch  group  with 
controller  handle  in  this  notch  is  what  is  known  as  full 
series. 

The  third  notch  of  the  master  controller 
corresponds  to  this  point , establishes  multiple  connection 
of  the  motors  and  again  brings  the  limit  switch  into  operation 
permitting  the  progressive  cutting  out  of  resistance  uncil  full 
multiple  operation  with  full  line  volta.ge  upon  each  motor 
is  attained. 

Moving  the  master  controller  handle  serves  merely 
to  co  plete  the  storage  battery  circuit  through  the  proper  urain 
wire  and  magnet w which  control  the  unit  switches. 

Moving  the  controller  handle  to  the  left  operates 
the  car  in  the  reverse  direction  and  these  positions 
correspond  exactly  with  the  positions  described  above. 

The  unit  switches  are  placed  in  a group  being  assem- 
bled on  a common  frame  and  the  combination  is  generally 
known  as  the  switch  group.  The  switch  group  is  in  regular 
practice  placed  under  the  car  floor  but  on  account  of  ease  of 
observation  the  switch  group  in  the  test  cor  is  suspended 


inside  the  car. 
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Each  unit  switch  consists  of  a circuit  breaher 
having  a fixed  and  a movable  contact  and  is  provided  with  a mag- 
netic blow  out. 

The  limit  switch  regulates  the  closing  of  the  unit 
switches  in  the  switch  group.  It  consists  of  a magnet  coil 
in  which  operates  a plunger  terminating  in  a disc  which  closes 
the  battery  circuit  whenever  the  current  falls  below  a predeter- 
mined amount.  This  switch  used  in  connection  with  inter loch 
switches  forming  part  of  the  auxiliary  control  system  permits 
the  progressive  cutting  out  of  starting  resistance. 

The  line  relay  consists  of  a coil  shunted  across  the 
motor  circuit  and  inside  of  which  moves  an  armature  carrying 
a disc. 

The  motor  control  cut  out  consists  of  a hand 
operated  drum  engaging  a number  of  contact  fig-ares  which  are 
directly  connected  with  the  auxiliary  control  circuit.  There 
are  four  positions  for  the  drum  namely;— 

1.  No  motors  in  operation. 

2.  All  four  motors  in  operation 

3.  Motors  1 and  2 cat  out  and  3 and  4 operating. 

4.  Motors  1 and  2 operating  and  3 and  4 cut  out. 

DESCRIPTION  OE  RECORDING  APPARATUS; - 

Records  of  current?  voltage?  speed?  time  and  distance 
are  made  on  a sheet  of  paper  40  in.  wide  which  is  t alien  from 
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one  roll  and  after  passing  over  a table  and  a series  of  rolls 
kept  in  operation  a small  motor  or  by  gearing  from  the  axle, 
is  rolled  up  on  another  roll. 

The  current  value  is  recorded  by  means  of  a General 
Electric  Graphic  Recording  ammeter  ( #1  on  blue  print)  con- 
nected so  that  it  may  be  used  with  the  coils  either  in  series 
or  parallel  giving  the  instrument  a maximum  range  of  either 
100  or  600  amperes.  The  instrument  is  excited  from  a storage 
battery  and  the  exciting  current  is  kept  constant  by  means 
of  an  indicating  ammeter  (#17 ) and  a rheostat  (#  25  ).  The 
current  is  checked  during  each  test  by  means  of  an  indicating 
ammeter* 

The  line  voltage  is  recorded  by  means  of  a General 
Electric  Graphic  recording  volt  meter  (#2)  which  is  excited 
from  a storage  battery,  the  exciting  current  being  kept  constant 
by  means  of  a rheostat.  The  voltage  is  checked  by  means  of  an 
indicating  voltmeter. 

The  .speed  is  recorded  by  a Graphic  recording  ammeter 
and  the  diagram  of  connections  is  shown  in  figure  2.  A one  half 
kilOYfatt  generator  is  driven  from,. axle  by  means  of  a pair  of  gears 
and  flexible  shaft*  The  generator  is  separately  excited  by  means 
of  a storage  battery?  the  current  being  regulated  by  a rheostat. 

# 23  is  an  integrating  wattmeter  by  means  of  which 
we  obtain  power  consumed  by  motors.  #11  and  # 14  are  time  pens 
which  record  every  five  seconds  by  means  of  the  time  marker 
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clock.  # 12  is  a pole  marker  operated  from  push  button. 

DESCRIPTION  OP  TRACK; 

All  of  the  tests  were  run  on  the  Illinois  Traction 
System  Co's  lines  between  Urbana  and  Danville  and  between 
Urbana  and  Ogden.  The  first  two  stations  are  51.9  miles  apart 
while  the  latter  two  are  13.5  miles  apart. 

In  all  cases  the  grades  were  counted  as  one  long 
straight  grade?  that  is?  the  elevation  of  Urbana  is  712.00  ft- 
of  Ogden  is  662.9  ft.  and  of  Danville  is  591.7  which  gives  a fall 
of  50.1  feet  from  Urbana  to  Ogden  and  a fall  of  120.3  feet  from 
Urbana  to  Danville. 

This  part  of  the  Illinois  Traction  system's  roadbed 
is  in  fair  condition.  Gravel  and  cinders  were  used  for  ballast. 

The  rails  on  the  above  road  are  of  the  standard 
type  weighing  70  pounds  per  yard  and  in  most  cases  in  good 
condition.  Most,  of  the  rails  are  50  ft.  in  length  although 
there  are  a few  60  ft. rails  in  use. 

CONDITIONS  UNDER  WHICH  TESTS  WERE  RUN; 

The  average  speed  used  in  making  the  tests  varied 
from  20  to  35  miles  per  hour.  The  maximum  speed  of  car  was 
about  50  miles  per  hour?  but  this  was  for  a very  short  interval 
of  time. 

The  stops  varied  from  .03  to  1.1  stops  per  mile  or  to 
express  it  in  another  way?  the  variation  was  from  1 stop  per 
mile  to  1 stop  in  32  miles. 


The  general  condition  of*  the  car  during  tests  was-  good? 
as  instruments  were  in  good  shape  and  all  revolving  parts  well 
oiled. 

OUTLINE  0?  OPERATION  OP  TESTS. 

The  general  course  ofprocedure  in  making  tests  was  to 
take  the  following  data  in  the  prescribed  way;  first?  the  log 
book  record  which  contained  the  number?  object?  and  date  of 
tests  together  with  the  number  of  people  on  board?  the  reading 
of  the  main  and  pump  wattmeter?  the  time  out  for  stops? 
the  weather  and  rail  conditions  . Second;  chart  record?which 
contains  the  following  items  recorded  graphically? speed?  amperes? 
volts?  position  of  car  which  is  shown  by  pole  line?  the  brake 
cylinder  pressure  and  the  two  time  lines.  By  the  use  of 
the  above  data  and  the  profile  of  the  road  table  1 was  computed. 

The  direction  and  velocity  of  wind  was  obtained  from 
the  United  States  weather  bureau  at  the  University  up  to  April 
second  1907,  after  which  they  were  obtained  from  Springfield? 
Lasalle  and  Peoria?  excepting  for  those  tests  which  were 
run  in  1803  as  these  were  obtained  from  the  University  station# 
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OONOLUSION;- 

In  considering  the  total  power  consumption  for  all 
tests  we  find  that  it  varies  through  a wide  range?  the  lowest 
being  about  twenty  Kilowatt  hours  and  the  highest  about 
eighty  Kilowatt  hours#  This  is  considering  the  two  distances 
namely  13.5  and  31.9  miles  respectively. 

The  Kilowatt  hours  due  to  the  wind  are  of  more  im- 
portance in  uhis  case  than  any  other  item  considered#  The 
actual  value  is  low  for  low  schedule  speed  but  it  rises  very 
fast  for  a small  change  in  schedule  speed.  This  is  clearly 
shown  by  curve  1.  The  actual  range  in  out  tests  was  from  1.30 
Kilowatt  hours  to  7.85  Kilowatt  hours. 

In  the  case  of  the  grade  the  rise  or  fall  was 
considered  as  one  straight  grade  for  the  entire  distance#  The 
amount  of  Kilowatt  hours  used  between  Urbana  and  Ogden  was  a 
very  small  amount  over  one, while  that  used  between  Urbana  and 
Danville  was  about  two  and  one.  half#  The  only  variable  in 
the  case  of  the  grade  was  the  live  load  on  car. 

Curves  2?3?&  4 show  the  relation  between  the 
number  of  stops  the  watt  hours  per  car  mile?  the  watt  hours 
per  ton  mile?  and  the  Kilowatts  corrected  for  grade  and  wind 
respectively.  In  each  case  It  can  plainly  be  seen  that  there  is 
a gradual  rise  as  the  number  of  stops  are  increased.  The  in- 
crease in  power  consumption  is  so  even  in  most  cases  as  to  maKe 
the  curves  very  nearly  a straight  line. 
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CALCULATION ; - 

In  figuring  the  results  for  Table  1.  the  live  load 
was  found  by  assuming  that  150  lbs.  was  weight  of  each  person 
on  car. 

The  total  kilowatt  hours  is  the  sum  of  main  and 
pump  wattmeters  readings. 

Total  kilowatt  hours  times  one  thousand  divided  by 
the  distance  in  miles  times  weight  of  car  in  tons  gives  the 
watt  hours  per  ton  mile. 

The  kilowatt  hours  due  to  wind  was  taken  from  Electric 
Railway  Test  Commission  Volume  2.  in  correcting  for  the  wind 
the  kilowatt  hours  were  added  for  a tail  wind  and  subtracted 
for  a head  wind.  A wind  at  any  angle  was  considered  either 
a tail  or  head  wind.  A wind  perpendicular  to  track  was  not 
considered  as  it  had  same  effect  in  both  directions. 

Weight  of  csr  in  lbs.  times  height  of  grade  in  ft. 
divided  2?655? 000  gives  kilowatt  hours  due  to  grade.  In  the 
correction  the  kilowatt  hours  were  added  for  down  grade  and 
subtracted  for  an  up  grade. 

Time  on  road?  time  out  for  stops?  application  of 
brakes  and  number  of  stops  were  taken  from  chart. 

Watt  hours  per  ton  mile  times  weight  of  car  in  each 
case  equals  watt  hours,  per  car  mile. 
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THEORETICAL  ROAD: 


The  theoretical  road  was  assumed  to  be  on  a tangent 
and  the  car  rim  with  no  wind?  air  or  accidental  resistance.  The 
assumption  was  made  to  get  the  true  relation  of  power  consump- 
tion to  speed  and  schedule.  All  of  the  values  of  power  consump- 
tion and  schedule  were  calculated  and  the  following  constants 
were  observed; 

Length  of  track  32  miles. 

Duration  of  stops  30  seconds. 

Maximum  speed  of  car  45  miles  per  hour. 

Weight  of  car  with  10  operators  28  tons. 

Rate  of  acceleration  1 mile  per  hour  per  second. 

Rate  of  braking  2 miles  per  hour  per  second. 

The  following  curves  are  dr  awn; - 

1 . $P e e d-T ime  curve . 

2.  Curve  showing  relation  between  number  of  stops  and 
schedule  speed.  The  maximum  speed  remaining  constant. 

3.  Curve  showing  relation  between  maximum  speed  of  car 
and  of  number  of  stops.  The  schedule  speed  remaining  constant. 

4.  Curve  showing  relation  between  number  of  stops  and 
power  consumption  of  curve  2. 

5.  Curve  showing  the  relation  between  number  of  stops 
and  power  consumption.  Schedule  speed  remaining  constant. 

6.  curve  showing  relation  between  power  consumption 
and  schedule  speed.  This  was  done  by  combining  curves  2 and  4. 


Ho.  of  stops  vary  from  0-16. 

Maximum  speed  = 45  miles  per  hour 


7.  Curve  showing  relation  between  power  consumption  & 
maximum  speed.  This  was  done  by  combining  curves  5 and  5.  Stops 
vary  from  0-16.  Schedule  speed  = 50  miles  per  hour. 


CALCULATION; - 

Curve  2;-  Time  required  to  accelerate  = T 

1 

Rate  of  acceleration  = 1 mile  per  hour  per  second. 
45/l  = 45  seconds  = .0125  hrs.  — T 

1 

Distance  required  to  accelerate: 

Average  speed  during  acceleration  = 45/2  = 22# 5 miles 
per  hour.  22.5  X .0125  = .28125  miles  = D 

1 

Time  required  to  stop: 

Rate  of  deceleration  = 2 miles  /hour/  second.  45/2  = 
22.5  seconds  = .00625  hrs.  = T 

2 

Duration  of  stops  = 30  seconds  = .00833  hrs. 

Time  consumed  in  starting  and  stopping :=  T+T  = .0125  + 

1 2 

.00625  = .01875  hrs. 

Distance  required  to  start  and  stop: 

D +D  = .28125+ . 140625  = .421875  = D 
12  4 

Number  of  miles  run  at  the  rat©  of  45  miles  / hr.  = total 

distance  minus  distance  required  to  start  and  stop.  32  - D 

= 32  - .421875  = 31.578125  miles. 


run  at  the  rate  of  45/hr.  = D^/  45  = 


Number  of  hours 


24 


31.578125/45  = .701736. 

Total  running  time  = T+T  = .7  01736  +.01875  = .720486  hrs. 

5 4 

Schedule  speed  = 32/. 720486  .=  44.41  miles  per  hour. 

Curve  3:-  Line  32  miles  long.  Schedule  speed  30  mile 3 per  hr. 
32/30  = 1.0666  hrs.  time  out  on  road. 

Rate  of  acceleration  = 1 mile/  hr./  sec. 

Rate  of  breaking  = 2 mile/  hr./  sec. 

30/  1 = 30  seconds  to  get  up  speed  --  .00833  hrs. 

30/2  = 15  seconds  to  stop  = .004165. 

Duration  of  stop  = 30  seconds  - .00833  hrs. 

Distance  required  to  accelerate 

Average  speed  during  acceleration  = 15  miles  per  hr. 

15  X .00833  = .124950  distance  required  to  accelerate. 
Distance  required  to  stop4- 

Average  speed  during  braking  = 15  miles  per  hr. 

15  X .004165  = .062475  distance  required  to  stop. 

I 

Time  consumed  in  stopping  and  starting  = T.  + T.  = .00833  + 
.004265  = 012595  hrs. 

Distance  required  to  stop  and  start 

D.  -HD  = .12495  +.062575  = 187525. 

2 

Tine  running  at  maximum  speed: - 
1.06  - .012595  : 1.047405 

Distance  run  at  maximum  speed 
32  - .187525  = 31.812475 
Maximum  speed: - 

d/t  31.812475/1.047405  = 30.37. 
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Curve  4:-  The  power  consumed  is  used  in  overcoming  three 

different  resistances;  Kinetic  energy?  train  resistance 
during  acceleration  and  train  resistance  during  uniform 
speed. 

Kinetic  energy: 

Total  energy  of  the  car  going  at  the  rate  of  45  miles 
per  hour  is  4150000  foot  pounds* 

4150000/33000  = 125*7  H.P.M. 

=93.800  Watt  minutes. 

= 1562.  Watt  hours. 

= 1.562  Kilowatt  hours  for  each  start. 
Train  resistance  during  acceleration 
1485  feet  required  to  accelerate. 

15.28  lbs.  train  resistance  per  ton. 

15.28  X 28  X 1485  = 635442.4  foot  pounds  train 
resistance.  2>655>000  foot  ounds  in  1 Kilowatt  hour. 
635442.4/2655000  = .239  Kilowatt  hours  required  for 
each  start. 

Train  resistance  during  uniform  speed  of  45  miles  / hour. - 
Train  resistance  = 25  pounds  per  ton. 

25  X 28  X 5280  = 3696000  foot  pounds  train  resistance 

for  1 mile. 

3696000/2655000  = 1.392  Kilowatt  hours  for  1 mile. 
1.392  X number  of  miles  run  at  45  miles  per  hour  = 
Kilowatt  hours  required  for  train  resistance  during 
uniform  speed. 


- 


Curve  5:-  The  power  consumed  is  used  in  overcoming  three  dif- 
ferent resistances;  kinetic  energy?  train  resistance 
during  acceleration?  and  train  resistance  during 
uniform  speed. 

Kinetic  energy 

The  energy  of  trie  car  when  it  is  running  at  30.37 
miles  per  hour  is  1850000  foot  pounds. 

1850000/2655000  = .699  kilowatt  hours  required  for  one 
start. 

.699  times  the  number  of  starts  = total  kilowatt  hours 
required  for  starting. 

As  the  maximum  speed  of  the  car  varies  from  30.37 

miles  per  hour  to  40  miles  per  hour? the  kinetic 

energy  also  varies.  Therefore  the  kinetic  energy 

changes  for  each  calculation. 

Train  resistance  during  uniform  speeds- 

The  resistance  in  pounds  per  ton  varies  from  15  for 

30.37  miles  per  hour  to  20  pounds  per  ton  at  40 

miles  per  hour.  The  values  were  obtained  from  the 

report  of  the  St  Louis  commission  on  the  tests  of  the 

car  "Louis ana"  and  are  found  on  page  464  of  that  book. 

15  X 28  X 5280  X 31.81  = 26.561  Total  kilowatts 
2655000 

required  at  uniform  speed. 

31.81  = number  of  miles  run  at  maximum  speed. 


Train  resistance  during  acceleration 

This  is  found  in  this  case  in  the  same  manner  as  in 
the  calculation  for  curve  4. 

Resistance  in  pounds  per  ton  during  acceleration 
times  28  tons  times  the  distance  in  feet  required  to 
accelerate  divided  by  2655000  = Kilowatt  hours 
required  for  each  start. 

CONCLUSION 

The  calculated  curves  for  the  theoretical  road  shows 
the  following  results 

1-  If  the  maximum  speed  remains  constant?  the 
schedule  speed  and  power  consumption  varies  directly  with 
the  number  of  stops. 

2-  If  the  schedule  speed  remains  constant?  the 
maximum  speed  varies  directly  -with  the  number  of  stops 
while  the  power  consumption  increases  in  greater  proportion 
than  the  number  of  stops.  The  power  consumption  varies 
directly  with  the  maximum  speed* 
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